Objective: To evaluate circulating E-selectin levels in patients with nonfunctional adrenal incidentaloma (NFA) in relation to insulin resistance and early atherosclerosis. Subjects and methods: A total of 40 patients with NFA (mean [SD] age: 55.6 [10.7] years; 70% were females) and 35 controls (mean [SD] age: 51.5 [8.1] years; 71.4% were females) selected from age-, gender-and body mass index (BMI)-matched healthy subjects were enrolled. Serum hsCRP, lipid profile, insulin levels and the homeostasis model assessment of insulin resistance (HOMA-IR) were evaluated. High-resolution Bmode ultrasonography was performed. Serum levels of E-selectin were evaluated by enzyme-linked immunosorbent assay. Results: Patients with NFA had significantly higher values for E-selectin (14.9 (4.8) vs. 12.2 (4.1) ng/mL, p < 0.01) and CIMT (0.6 (0.1) vs. 0.5 (0.1) mm, p < 0.05) than controls. Serum E-selectin levels showed a statistically significant association with hsCRP (r = 0.751, p < 0.001), HOMA-IR (r = 0.575, p < 0.001) and CIMT (r = 0.762, p < 0.001). CIMT (Carotid intima media thickness) was increased in patients with NFA patients with NFA were more insulin resistant than controls and statistically significant relationship was found between size of tumor and HOMA-IR (r = 0.361, p < 0.001). Conclusion: In conclusion, based on significantly higher values for E-selectin, CIMT and HOMA-IR in patients with NFA than controls along with significant correlation of E-selectin levels to CIMT, HOMA-IR and hs-CRP, our findings seems to indicate an increased risk of early atherosclerosis and impaired endothelial function in NFA patients, particularly in case of insulin resistance. Arch Endocrinol Metab. 2015;59(4):310-7
INTRODUCTION
T he term adrenal incidentaloma (AI) is usually defined as an adrenal mass unexpectedly detected through an imaging procedure performed for reasons unrelated to adrenal dysfunction or suspected dysfunction. The presence of an AI has been associated with an increased incidence of several cardiovascular risk factors including high prevalence of obesity, hypertension, diabetes mellitus, glucose intolerance, and dyslipidemia (1) (2) (3) (4) . However, despite well-known association of nonfunctional adrenal incidentaloma (NFA) with cardiovascular risk factors, the exact mechanism underlying this relationship has not yet been clarified.
Among patients with non-secreting adrenal masses undergoing surgery for tumor size or growth, an improvement in blood pressure and fasting glucose levels was demonstrated postoperatively, even in the lack of causative hormonal alterations prior to operation (5).
Some authors suggested an association between NFA and mild cortisol overproduction secondary to diseases such as subclinical hypercortisolism or subclinical Cushing syndrome (SCS) (6, 7) . On the other hand, hyperinsulinemia mediated pathogenesis has been considered by other authors who observed a proliferative effect of insulin on adrenal cancer cells without effect on cortisol synthesis (8) .
In contrast to other adhesion molecules such as intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1) and P-selectin that are synthesized and released from endothelial cells, as well as from other cells including fibroblasts, smooth muscle cells and platelets, E-selectin is produced specifically by endothelial cells (9) . In this regard, E-selectin has been subject to several studies in terms of its relation to carotid atherosclerosis and the risk of coronary heart disease (10-13) given that higher likelihood of E-selection to be a specific marker for endothelial cell dysfunction and thereby the development of atherosclerosis than other adhesion molecules (14) . Experimental results suggested that E-selectin may influence intimal hyperplasia through the regulation of inflammatory cell infiltration (15) . Accordingly, significant associations were shown in most of the clinical studies of patients with coronary disease (11) (12) (13) . Given that processes that lead to inflammation of vasculature and/or initiation of endothelial dysfunction may contribute to the development of atherosclerosis, positive association of serum levels of E-selectin as well as hsCRP with carotid atherosclerosis was documented, while Eselectin levels were reported to be significantly associated with carotid wall thickening and were strongly associated with the presence of heterogeneous plaque (14) .
The present study was designed to evaluate circulating E-selectin levels in patients with apparently NFA in relation insulin resistance (IR) and early atherosclerosis.
SUBJECTS AND METHODS

Study population
Of 73 patients referred to our center with the incidental diagnosis of unilateral adrenal mass with typical signs of adenoma (size less than 4 cm, round with smooth margins, homogeneous with relatively low density, loss of signal intensity on fat-saturation sequences of MR) during computed tomography (CT) or nuclear magnetic resonance (MR) scan performed by the same radiologist for the evaluation of unrelated diseases such as urinary infection, renal or biliary colic, or nonspecific abdominal pain, 40 patients with NFA (mean [SD] age: 55.6 [10.7] years; 70% were females) were included in this prospective study conducted between September 2009 and September 2011 at the Department Endocrinology and Metabolism in Ankara Diskapi Training and Research Hospital. Patients with pheochromocytoma (n: 1), adrenal carcinoma (n: 1), aldosteronoma (n: 2) or SCS (n: 5) were excluded. Twenty four other patients with adrenal adenoma were excluded because of obesity (n: 4), previous history of diabetes mellitus (n: 11) or coronary artery disease (n: 9). In seven of these patients coexisted more than one exclusion criteria. Control group was selected amongst age-, genderand body mass index (BMI)-matched healthy subjects with normal adrenal imaging (n = 35; mean [SD] age: 51.5 [8.1] years; 71.4% were females) to be able perform a 1:1 case-control analysis.
Having negative findings on screening tests performed to rule out catecholamine, mineralocorticoid as well as glucocorticoid overproduction, lacking symptoms of overt endocrinopathy or any other disease that could interfere with the results were the inclusion criteria. Patients with a past history of acute coronary syndrome, heart failure, pulmonary embolism, stroke, cardiomyopathy and renal disease were excluded from the study, as were patients with diabetes mellitus and obesity. The diagnosis of pheochromocytoma, adrenal carcinoma, aldosteronoma or SCS were the other exclusion criteria to enable the study population to be composed specifically of patients with NFA.
Written informed consent was obtained from each subject following a detailed explanation of the objectives and protocol of the study which was conducted in accordance with the ethical principles stated in the "Declaration of Helsinki" and approved by the institutional ethics committee.
Study parameters
Data on demographic characteristics (age, gender), vital signs, physical examination, anthropometric measurements (weight, height, body mass index [BMI]), insulin resistance, blood biochemistry (fasting blood glucose, lipid profile, insulin and hsCRP), CIMT and serum levels for E-selectin were collected in each subject in the patient and control groups. Circulating E-selectin levels in patients with apparently NFA were evaluated in comparison to controls and in relation to insulin resistance, hsCRP levels, CIMT and cardiovascular risk factors.
Clinical and biochemical assessments
Blood pressure was measured using a sphygmomanometer in a quiet room after at least 10 minutes of rest. Evaluation of obesity was based on BMI (kg/ m
2 ) values with consideration of obesity in patients with BMI of > 30 kg/m 2 . Fasting blood samples were taken in the morning between 8:00 and 11:00. Routine blood chemistry analyses were performed at the central laboratory of clinical chemistry of the hospital. The patients whose fasting blood glucose greater 100 mg/dL underwent OGTT. Only patients with normal glucose tolerance were included in the study. Analysis of serum levels for high-density lipoprotein cholesterol (HDL-C), total cholesterol (TC) and triglycerides were performed via spectrophotometric assay (Advia 2400, Siemens Healthcare Diagnostics Inc., Tarrytown USA). Fasting serum insulin levels were measured us- ing the chemiluminescent immunoassay method (Advia Centaur XP, Siemens Healthcare Diagnostics Inc., Tarrytown USA). hsCRP levels were determined by a particle-enhanced immunoturbidimetric method.
The estimate of insulin resistance was calculated using the HOMA-IR index with the formula: [HOMA-IR = fasting plasma insulin (mU/L) × fasting plasma glucose (mmol/L)/22.5]. Patients with HOMA-IR levels of ≥ 2.5 were considered to have insulin resistance.
Endocrine work-up
None of the patients with NFA showed specific signs and/or symptoms of hormone excess and none were receiving hormonal therapy. All patients underwent the endocrine workup aimed to study the hypothalamic-pituitary-adrenal axis. Serum cortisol, and plasma ACTH were determined in basal condition and measurement of the 24-h excretion of UFC was performed. All patients underwent an overnight 1-mg dexamethasone (DXM) test. The suppression was adequate when morning cortisol reduced < 1.8 µg/dL. If inadequate, a two-day low-dose DXM suppression test was performed (2 mg, four times/day, for 2 days). Urinary metanephrine, and normetanephrine excretion to exclude the presence of pheochromocytoma and the upright plasma aldosterone to plasma renin activity ratio to exclude primary aldosteronism were tested. In control subjects, measurement of serum cortisol in the morning, measurement of 24-h UFC excretion and overnight low-dose dexamethasone suppression test were performed. Normal ranges of serum and urinary cortisol and plasma ACTH were determined as previously reported (16) (Table 1) .
SCS was defined as an adrenal tumor (usually adenoma) with autonomous cortisol secretion and no overt symptoms of Cushing's syndrome. Diagnostic criteria for SCS based on the 1-mg DST cut-off value of serum cortisol of > 1.8 μg/dL. We selected two additional values (basal adrenocorticotropic hormone (ACTH) < 10 pg/mL and serum cortisol ≥ 5 μg/dL at 23:00 h) from several parameters, because these values showed stronger associations with the results of the 1-mg DST than the other parameters (17, 18) .
Measurement of serum levels for E-selectin
Fasting blood samples were taken from the participants and centrifuged. Serum samples were stored frozen at -80°C until the day of analysis. Serum E-selectin level was measured on all samples by commercial ELISA kit (Invitrogen, USA). The microplate in the kit was precoated with anti-E-selectin antibody. E-selectin present in the sample or standard binds to antibodies adsorbed onto microwells. An HRP was added to bind to E-selectin captured by the first antibody. Following incubation and wash step, substrate solution was added to the wells. The reaction was terminated by addition of acid, and absorbance was measured at 450 nm. The analytical range was considered as 0.33-50 ng/mL. The intraassay coefficient of variation was 5.4%.
Measurement of CIMT
Examination was performed to evaluate early atherosclerosis using a real time B-mode ultrasound imaging unit (Hitachi EUB 7000, Tokyo, Japan) with a 13 MHz linear transducer. Both the left and right carotid arteries were scanned at the level of the bifurcation, and images for IMT measurements were recorded from the far wall in the common carotid artery and the carotid artery bulb. IMT was defined as the distance from the leading edge of the lumen-intima interface to the leading edge of the media-adventitia interface of the far wall. At the position of the thickest part of the wall, a frozen longitudinal image was captured and recorded on videotape. The procedure was repeated four times to achieve four separate images for analysis. All scans and image measurements were carried out by the same investigator, who was blinded to the risk factor status of the participants.
Statistical analysis
Data were evaluated using the Statistical Package for the Social Sciences (SPSS) software (version 15.0; SPSS Inc., Chicago, IL, USA). In testing the difference between groups after testing normality of variables, an independent samples t-test was used to test the difference between two groups if variables were normally distributed, while the Mann-Whitney U test was used if variables were not normally distributed. A one-way analysis of variance (ANO-VA) was used to test the difference between more than two groups if variables were normally distributed, while the Kruskal Wallis H test followed by a Bonferroni correction was used if variables were not normally distributed. Associations between variables were tested using a correlation analysis. Linear regression analysis was performed with the CIMT measurement as the dependent variable while age, BMI, waist/hip ratio, morning cortisol, HOMA-IR, TC, LDL-C, HDL-C, HsCRP and HOMA-IR were the continuous variables selected for the linear regression model. The level of significance was set at 0.05.
RESULTS
Demographic and clinical characteristics in patient and control groups
The mean (SD) adrenal mass size in NFA patients was 3.0 (0.7) cm. None of the patients showed specific signs and symptoms of hormone excess. None of the patients with NFA underwent adrenalectomy and follow-up with serial CT or MRI and endocrine evaluation was planned. Patient and control groups were homogenous in terms of demographic characteristics. Mean (SD) levels for serum E-selectin (14.9 [4.8] Correlation of E-selectin levels to demographic and clinical parameters in the overall study population Serum levels for E-selectin showed statistically significant correlations with HOMA-IR (r = 0.575, p < 0.001), hsCRP (r = 0.751, p < 0.001) and CIMT (r = 0.762, p < 0.001) (Table 2, Figure 1) . A significant correlation was also noted with total cholesterol (r = 0.408, p < 0.001), while no significant correlation of Eselectin levels to age, gender, BMI and other biochemical parameters was determined (Table 3) . There were no significant correlations between baseline plasma cortisol, plasma cortisol after 1 mg dexametasone and HOMA index as well as plasma lipoproteins. Statistically significant relationship was found between size of tumor and HOMA-IR (r = 0.361, p < 0.001), CIMT (r = 0.539, p < 0.001).
Subclinical atherosclerosis in patients with adrenal incidentaloma
Arch Endocrinol Metab. 2015;59/4 selectin levels as a surrogate marker of premature atherosclerosis. At the same time, we demonstrated that, in patients with NFA, increase in insulin resistance could be related to an undetectable hypercortisolism. These findings support the hypothesis that incidentalomas, through clinically undetectable hypercortisolism, might be responsible for IR and, through the stimulation of compensatory hyperinsulinemia, might induce and sustain the vicious cycle responsible for its own tumor growth. Reincke and cols. (19) reported that in 13 patients with AI, insulin resistance was evident in all patients, and insulin-stimulated adrenal cortex cancer cell lines were observed in vitro. They suggested that AI could be a newly recognized manifestation of metabolic syndrome similar to insulin-mediated stimulation of ovary in the polycystic ovary syndrome.
Patients with clinically inactive adrenal adenomas as a group exhibit IR and a variety of metabolic disturbances and manifestations of the metabolic syndrome (20) (21) (22) (23) . In a multi-institutional study of 1,004 patients with AI, the prevalence of arterial hypertension, diabetes mellitus type 2 (DM type 2) or obesity were reported to be 41%, 10% and 28%, respectively (2). Furthermore, a remarkably high prevalence of impaired glucose tolerance (IGT), or previously unknown DM type 2, increased visceral fat mass, and hyperinsulinaemia has 
Linear regression analysis for factors predicting E-selectin levels
In linear regression analysis, after adjusting for age, BMI, waist/hip ratio, morning cortisol, HOMA-IR, TC, LDL-C, HDL-C and hsCRP; HOMA-IR (β = 0.455, P < 0.05) and waist/hip ratio (β = 0.340, P < 0.05) were the independent variables associated with E-selectin levels. (Table 4) .
Demographic and clinical characteristics of patients with respect to insulin resistance
DISCUSSION
The novel finding of our study is that patients with NFA compared with cardiovascular risk factors-matched control group had significantly higher CIMT and E- been demonstrated among patients with NFA (24, 25) . This insulin-resistant state is probably associated with subtle cortisol autonomy leading to an increased incidence of several cardiovascular risk factors.
Patients with AI exhibit elevated levels of D-dimers (24), interleukin-6 (IL-6), adiponectin, resistin, tumour necrosis factor (TNF)-alpha and monocyte chemoattractant protein 1 (MCP-1) (3). In the current literature there is a limited data regarding the endothelial dysfunction and early atherosclerosis in patients with adrenal incidentaloma (26, 27) .
Notably, our findings seem to indicate a significant association between endothelial dysfunction ans early atherosclerosis given that serum E-selectin levels were significantly elevated in patients with NFA than controls along with significant correlation of serum E-selectin levels with hsCRP, HOMA-IR and CIMT.
Carotid IMT has been extensively used to estimate cardiovascular events in both healthy individuals and also in subjects with risk factors. The early increase in IMT reflects the ongoing adaptive/maladaptive process to elevated intravascular shear stress (28) . Several anthropometric and metabolic findings such as age, elevated blood pressure, central obesity, hyperlipidemia, and IR have been shown as independent determinants of IMT in different populations (29) (30) (31) . In a past study concerning CIMT in AI (26) it was demonstrated that in patients with non-functioning AI, a significant increase of CIMT was observed compared with BMI -unmatched subjects, while the increase was not statistically significant when compared to BMI matched controls. A linear correlation between morning cortisol and CIMT values were also reported in this study.
In the present study, we found significantly higher CIMT values in NFA patients as compared to age-, gender-and BMI-matched controls. However, CIMT values were not significantly correlated with morning cortisol and dexamethasone suppression test results. Moreover, E-selectin levels that indicate endothelial dysfunction were higher in these patients. The present study is the first in the literature to evaluate early atherosclerosis and endothelial dysfunction together in NFA patients. Furthermore, our findings revealed higher rate of insulin resistance in patients with NFA along with significantly higher levels for hsCRP and CIMT in NFA patients with concomitant insulin resistance compared to patients without insulin resistance. In the present study, increased cardiovascular risk, as evidenced by increased E-selectin levels and IMT values, in NFA patients might have resulted from IR due to a subclinical cortisol excess at cellular level rather than the direct effect of cortisol. In the light of these data, we found increased risk of early atherosclerosis and impaired endothelial function in patients with clinically silent adrenal incidentaloma.
Major limitation of the present study is the small sample size which limits the generalization of our findings based on a small cohort to the overall population of NAF patients. Additionally, the assessment of endothelial dysfunction and atherosclerosis were limited to measurement of soluble E-selectin levels and CIMT measurement, respectively. Hence, our findings related to association of circulating E-selectin levels and insulin resistance to early atherosclerosis should be justified by larger scale studies with more comprehensive analysis of endothelial dysfunction and early atherosclerosis markers. 
CONCLUSION
In conclusion, based on significantly higher values for E-selectin, CIMT and HOMA-IR in patients with NFA than controls along with significant correlation of E-selectin levels to CIMT, HOMA-IR and hs-CRP, our findings seems to indicate an increased risk of early atherosclerosis and impaired endothelial function in patients with clinically silent adrenal incidentaloma.
Significantly higher values for CIMT and hs-CRP in NFA patients with insulin resistance when compared to patients without insulin resistance and control subjects emphasize the accelerating effect of insulin resistance in development of early atherosclerosis in patients with NFA. There is a need for long-term, prospective follow-up studies investigating the effect of surgical treatment of adrenal incidentalomas on cardiac mortality through the regulation of increased cardiovascular risk and endothelial function.
